Summary.-Single-cell suspensions prepared by enzymatic disaggregation of an immunogenic 3-methylcholanthrene-induced sarcoma (Mc4OA) contain a significant proportion of infiltrating leucocytes (42%) comprising T lymphocytes, macrophages and non-phagocytic FcR+ lymphoid-like cells. Tumour-infiltrating lymphocytes (TIL) were isolated and purified by successive passage over Sephadex G-10 columns and their cytotoxic activity in vitro compared with that of lymphoid cells from normal rats and from tumour-bearers at different times after implantation. For this purpose, surviving target cells were quantified by incorporation of the y-emitting analogue of methionine,75Sel-methionine, in a 48-h assay which detected both cytotoxic and cytostatic effects. The reactivity of TIL, which was consistently demonstrable from 11 days after tumour transplantation, was essentially similar to that of normal splenic lymphocytes in magnitude and specificity. Reciprocal cytotoxicity tests using TIL and cultured targets from an antigenically unrelated tumour of similar aetiology (Mc57) showed that the manifestation of TIL cytotoxicity was determined, not by the tumour of origin, but by the susceptibility of the target cells. Evidence that the effector function of TIL was mediated in part by natural killer (NK) cells was derived from concurrent experiments using human myeloid cells (K562) as targets in an 18h 51Cr-release assay. In this system the level of NK activity was critically dependent on the numbers of tumour cells in the TIL population; contamination in excess of 2 % gave rise to dose -dependent inhibition of NK function. The results show that within a progressively growing tumour known to possess rejection antigens, NK reactivity was detected in the absence of a demonstrable tumour-specific cytotoxic component.
proportion of infiltrating leucocytes (42%) comprising T lymphocytes, macrophages and non-phagocytic FcR+ lymphoid-like cells. Tumour-infiltrating lymphocytes (TIL) were isolated and purified by successive passage over Sephadex G-10 columns and their cytotoxic activity in vitro compared with that of lymphoid cells from normal rats and from tumour-bearers at different times after implantation. For this purpose, surviving target cells were quantified by incorporation of the y-emitting analogue of methionine,75Sel-methionine, in a 48-h assay which detected both cytotoxic and cytostatic effects. The reactivity of TIL, which was consistently demonstrable from 11 days after tumour transplantation, was essentially similar to that of normal splenic lymphocytes in magnitude and specificity. Reciprocal cytotoxicity tests using TIL and cultured targets from an antigenically unrelated tumour of similar aetiology (Mc57) showed that the manifestation of TIL cytotoxicity was determined, not by the tumour of origin, but by the susceptibility of the target cells. Evidence that the effector function of TIL was mediated in part by natural killer (NK) cells was derived from concurrent experiments using human myeloid cells (K562) as targets in an 18h 51Cr-release assay. In this system the level of NK activity was critically dependent on the numbers of tumour cells in the TIL population; contamination in excess of 2 % gave rise to dose -dependent inhibition of NK function. The results show that within a progressively growing tumour known to possess rejection antigens, NK reactivity was detected in the absence of a demonstrable tumour-specific cytotoxic component. SINCE the initial demonstration by Evans (1972 Evans ( , 1973a ) that experimental tumours contain substantial numbers of infiltrating macrophages, it has become apparent that primary and transplanted neoplasms comprise a diversity of host cell types. Their presence has been documented by exploitation of certain physical characteristics, serological analysis and the application of surface-marker techniques to include, predominantly, cells of the monocyte-macrophage series (Eccles & Alexander, 1974; Haskill et al., 1975a; Van Loveren & Den Otter, 1974) , cells with receptors for the third component of complement (C3) or the Fc portion of IgG (FcR) (Kerbel et al., 1975; Wood et al., 1975) , T cells (Russell et al., 1976a, b; Pross & Kerbel, 1976; Holden et al., 1976) and B cells (Pross & Kerbel, 1976; Russell et al., 1976a, b) in preparations derived from a variety of chemically and virus-induced non-lymphoid tumours in both solid and ascitic forms (Tracey et al., 1975; Biddison et al., 1977) .
In many of these and related studies, cytotoxicity was attributed to the infiltrating cells, which in some instances was specific for the tumours involved (Van Loveren & Den Otter, 1974; Gillespie et al., 1977; Haskill et al., 1975b) and in others, non-specific (Evans, 1 973b; Haskill et al., 1975a) . In the Moloney sarcoma virus (MSV) system, important differences in the functional activity of host cells infiltrating progressors and regressors have been disclosed, with potentially important implications for the balance of the tumourhost relationship .
Studies on the nature of the cellular infiltrate in a series of 5 transplanted rat tumours revealed several features in common with other tumour systems, in respect of the heterogeneity of cell types and the predominance of T lymphocytes, macrophages and non-phagocytic lymphoid-like FcR+ cells (Moore & Moore, 1977a) . Although the pattern was complex in that the infiltrates varied in type and extent as a function of tumour development (Moore & Moore, 1977b) , a clear distinction was observed between established immunogenic and non-immunogenic tumours, suggesting that the character and magnitude of the infiltrate was determined by cell-mediated responses against tumour-rejection antigens.
Since among certain progressor neoplasms there is an apparent relationship between host-cell content and the rate of tumour growth in vivo and/or the propensity to metastasize (Wood & Gillespie, 1975; Alexander et al., 1976; Moore & Moore, 1977b) , the in-vitro interaction of the principal infiltrating host cells with those of the corresponding tumour has been studied. For this purpose Mc40A, an immunogenic chemically induced rat sarcoma, was selected in which the host-cell content, comprising T lymphocytes, macrophages and non-phagocytic FcR+ cells amounted to 42 % of the total population (Moore & Moore, 1977a) . The data in this study are confined to a comparison of systemic and in-situ expressions of host lymphocyte cytotoxicity; the reactivity of intra-tumour macrophages will be reported elsewhere.
The experimental protocol was designed on the premise that systemic activity in tumour bearers and that of tumour-infiltrating lymphocytes (TIL) might consist of at least 2 elements: a tumour-directed component in which the predominant effector cells are T lymphocytes and a nonspecific component where the properties of the effector cells (natural killer, or NK cells) are similar to those previously described in rats (Oehler et al., 1978a) and to which Mc4OA tumour cells are known to be susceptible (Potter & Moore, 1978 (Moore & Moore, 1977a 1-25 ml, and penicillin (1 mega unit) 0-1 ml.
Incubation was for 3-4 days in N2, wxhen plates were examinaed for typical colonies. All tests were negative. Sephadex G-10 column preparation. Presoaked Sephadex G-10 (Pharmacia Ltd) wias washed and resuspended in an equal volume of PBS. Aliquots of 50 ml were dispensed in 100ml bottles and sterilized by autoclaving.
Four identical columns wA-ere prepared asceptically for each lymphocyte separation. For this purpose, the barrels of 20ml plastic syringes were packed with nylon fibre (Type 200, Fenwal Laboratories Ltd), previously soaked in PBS, to the 2ml mark. Five ml of PBS was added follow-ed by the Sephadex G-10 slurry which wAas packed to the 16mnl mark. After discharge of PBS from the bottom of the column to assist Sephadex packing, each column was equilibrated by running through 50 ml of Eagle's minimal essential medium (MEM) supplemented with 10% FPBS and buffered with 40rmM HEPES.
Prep(aration of effector cells
Tunmour-infiltratting lynmphocytes (TIL).
Minced tumour tissue was disaggregated by stirring in 40 inl of a mixture of papain, collagenase and DNase (PCD) for 1 h at room temperature (Moore & Moore, 1977a,) After erythrocyte lysis spleen cells were also taken through the same procedure as that used to isolate TIL fromn tumour-cell suspensions. To do this the -whole operation was scaled dowN-n by one-half. For inistance. 10ml syringe barrels were substituted for 20ml syringe barrels.
Antisera and rosetting techn ique. During the isolation of TIL. T cells were monitored bv indirect immunofluorescence using a rabbit anti-rat thymocyte serum (ATS), the properties of which have been previously described (Moore & Moore. 1977a ). FcR+ cells Mwere determined bv formation of EA rosettes (EA-RFC).
(ytotoxicity assays 75Selenomiethionin e post-labellinqy assay (758S_e assay). The technique used -was essentially that of Brooks et al. (1978) Moore, 1978) . Briefly, 51Cr-labelled target cells were incubated overnight with the various effector-cell preparations (total volume 04 ml) and in each case lysis was calculated from the extent of 51Cr release into the culture supernatants relative to that remaining in the cell pellets. In all tests control tubes with target cells alone were included to give the background isotope release, and maximum release was determined by addition of Triton X100 (1/100 dilution).
Percentage 51Cr release was then calculated from the formula:
where S=ct/min of 0-2 ml supernatant P ct/min of 0-2 ml supernatant-+-pellet. Specific chromium release (SCR) in each test wNas then calculated from the formula: Te S SCR =T0 x 100
wvhere Te= 0 51Cr release in presence of effector cells. Te== 0/ 51Cr release in presence of Triton X-100. S= 0 spontaneous 5ICr release of target cells alone.
RESULTS
Separation of tumour-infiltrating lymphocytes (TIL) from suspensions of enzymedisaggregated Mc4OA
Passage of disaggregated tumour suspensions through Sephadex G-10 columns produced a 3-fold increase in the proportion of lymphocytes to the extent that they constituted 5000 of the eluted population. The proportion of lymphocytes exceeded 90%0 of the eluate after passage through a second identical column. Eightyfour per cent of this population were stained with ATS by immunofluorescence. Table I .
Cytotoxicity of normal lymphocytes against tumour-derived targets
Before the search for tumour-related cytotoxicity, the activity of lymphocytes as a function of anatomical distribution in (Moore & Moore, 1977a) .
Differential counts were made on Jenner-Giemsastained cytocentrifuge films prepared from cell suspensions incubated with polystyrene latex for 45 min at 37°C before centrifugation.
the normal host was simultaneously examined against several tumour targets using the 75Se assay (Table II (Table III) . The high degree of apparently nonspecific reactivity in TIL and spleen cells against tumour-derived targets using the 75Se assay, and the absence of comparable activity in lymph nodes, suggested that many of the cytotoxic phenomena reported hitherto were attributable to natural killer (NK) cells. Cytotoxicity of lymphocytes from normal and tumour-bearing rats against the human myeloid cell line, K562
The human myeloid cell line (K562) was used to monitor NK activity on account of its susceptibility to the spontaneous cytotoxic activity of normal lymphoid cell populations of several species, including the rat (Oehler et al., 1978a; Potter & Moore, 1978) .
The distribution of NK activity in the lymphoid tissues of normal W/Not rats was as previously reported from this laboratory (Potter & Moore, 1978) , i.e. spleen cells possessed high NK activity whilst that of lymph nodes was uniformly low. Moreover, in the present study, no significant departure from this pattern of reactivity was seen in the lymphoid tissues of tumour-bearing rats (Fig. 1) .
The reactivity of the TIL population, isolated from a 20-day Mc4OA implant, was lower than that of normal spleen ( Fig. 1) and closely similar data were obtained from replicate experiments upon tumours obtained at 15 and 21 days. The possibility that this was the consequence of selective removal of NK cells by the TIL separation procedure was excluded by the demonstration that passage of both normal and tumour-bearing spleen-cell populations over Sephadex G-10 significantly enhanced rather than depressed NK activity. Thus, untreated spleen-cell populations mediated 30±2% specific 51Cr release (SCR) using K562 as target cells whereas the eluted cell fraction media- These data indicate that inhibition is not a passive phenomenon caused simply by steric hindrance.
DISCUSSION
In the assessment of anti-tumour lymphocyte reactivity in situ, the recovery of viable and functionally active lymphocytes essentially free from other cellular contaminants is obligatory. In this study Sephadex G-l10 column fractionation was employed, using the method originally .described by Ly & Mishell (1974) for separation of antibody-forming cells from immune spleen-cell populations. The technique was modified in that nylon wool was uised to support the Sephadex instead of glass beads. The original method has been dlemonstrated to remove adherent phagocytic cells (Pollack et al., 1976) and tumour cells , and to yield an almost exclusively lymphocytic eluate retaining the functional attributes of T lymphocytes, K and NK cells . The purity of the eluates originating from the disaggregated Mc4OA suspensions was essentially similar to the MSV system provided that 2 columns were used in sequence.
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Even with this proviso, a small degree of tumour-cell contamination was unavoidable. However, probably the greatest limitation was the recovery which amounted to only 30%o of the pre-fractionation population. The adventitious removal of cells of potential importance in cytotoxic reactions is thus a possibility which must be considered in the interpretation of our data.
The use of different assays for the analysis of tumour-related and non-specific effector functions was necessitated by several considerations. Preliminary efforts to establish a short-term 51Cr-release assay using Mc4OA targets were effectively thwarted by the unpredictable extent of spontaneous isotopic release (28-60% over 18 h), an experience not encountered with the K562 targets used to monitor NK function. Moreover, although cytolysis could be detected in normal spleen-cell populations (Potter & Moore, 1978) , increased cytotoxicity in the lymphoid tissues of tumour-bearers compared with those from normal controls could not be unequivocally established. In these circumstances tumour-related activity was souight by the 75Se assay. (Berczi et al., 1973) . Under the latter circumstances tumour cells might have competitively inhibited the cytolysis of target cells, as has been demonstrated in short-term assays The anatomical distribution of cytotoxic effector cells and the differential susceptibility of target cells detected by the 758e assay suggested that the effector cell in populations derived from Mc4OA tumour-bearers was comprised, in part if not wholly, of NK cells. This was confirmed by the lytic activity of the preparations against the xenogeneic K562 target cells. However, an adherent cell also appeared to be active in the 75Se assay, since Sephadex C4-10 filtration reduced the cytotoxicity of both normal and tumourbearer spleen-cell populations. This cell, putatively a macrophage, may have been similar to the phagocytic, non-specifically cytostatic cell type identified in the spleens of tumour-bearing mice (Mantovani et al., 1977) . In that study the presence of tumour was a prerequisite for demonstration of this activity, in contrast to the present findings, where it was also detected in normal spleen. Such a cell, being cytostatic as opposed to cytolytic, would not be expected to be involved in a 5 ICrrelease assay, and this was shown to be the case because Sephadex G-10 filtration of spleen cells enhanced 51(Cr release from K562 cells, presumably by removal of irrelevant cells from the effector population.
WVhile Sephadex G(-10 treatment reduced the cytotoxicity of both normal and tumour-bearer spleens in the 75Se assay, the latter remained persistently more cytotoxic than the former. The close correspondence between the activity of TIL and of normal spleen cells, and their lack of target-cell specificity in the 75Se assay, implied that the predominant effector function in both populations is mediated by NK cells. The finding that the activity of TIL against K562 was lower than that of tumour-bearer spleen cells was thus somewhat unexpected, particularly as the Sephadex C(-10 procedure produced a modest but significant increase in activity. An alternative possibility that the low levels of cytotoxicity mediated by TIL might be a consequence of nonspecific activation during the separation procedure of an otherwise non-eytotoxic population seems unlikely, but cannot be easily dismissed (WVardley et al., 1976 Althoughi association with a minority population within the TIL compartment cannot be excluded, it is likely that the effectors belong to the predominant population which stains with ATS. Antisera prepared by conventional procedures, like our reagent, have been shown to react with NK cells (Shellam, 1977) . Such reactivity is removed by an additional absorption step using spleen cells from thymectomized, irradiated and marrow-reconstituted rats, which leaves anti-T-cell activity intact. Whether the presence of NK cells within tumours has an immunological basis cannot be determined, since little is known at present of the relationship between NK function and conventional immune responses.
It has been postulated that NK cells may play a role in the immune surveillance of tumours (Herberman & Holden, 1978) . Recent observations that NK activity is strongly augmented in vivo by injection of agents with potent anti-tumour properties such as BCG, C. parrum and poly-IC are consistent with this hypothesis Wolfe et al., 1977; Oehler et al., 1978b) .
However, macrophages also comprise a significant proportion of the infiltrating cells which can be separated from developing tumours (Moore & Moore, 1977b) ; moreover, these cells are functionally active and inhibit the growth of tumour cells as assessed by the 75Se assay (Moore & Moore, 1979) . A role for the macrophage in the regulation of NK activity at a systemic level has been suggested (Oehler & Herberman, 1978) butwhetheranyrelationship exists at the tumour site is unknown. The appearance of various host-cell populations in tumours strongly suggests that the actual events in vivo are dependent upon precisely controlled relationships between the infiltrating cell types. Probably in no situation is this more apparent than the MSV tumour-host system, where the cytolytic activity of both intra-tumour T lymphocytes (fHolden et al., 1976; Gillespie et al., 1977; Plata & Sordat, 1977) and macrophages varies with the growth status of neoplasms. For instance, specifically cytotoxic T cells can be isolated from both regressors and progressors, but in the latter only during the early stages of tumour growth . Although cytotoxicity data were unattainable before Day 11 of the growth of Mc4OA, this system is analogous to that of MSV, in so far as no specifically cytotoxic T cells could be detected in TIL isolated from progressive tumours. Yet there is little doubt that thymus-derived lymphocytes are of primary importance in tumour recognition and rejection, as indicated by the specificity of in vivo rejection of small inocula in pre-immunized hosts. However, the vast majority of T lymphocytes presumably enter an established tumour indiscriminately, while only a small proportion may be sensitized to the eliciting antigen and accumulate preferentially. Also their cytotoxic efficiency may be suppressed by factors at a local and/or systemic level. 
